We report the expression pattern of a new adenomatous polyposis coli (APC) homolog called E-APC during Drosophila development. E-APC protein is expressed in all embryonic and larval cells we have examined. In the early blastoderm embryo, we see a striking concentration of E-APC in the cortical actin caps. Microtubules are closely associated with these caps. Since human APC has been reported to bind to microtubules, we investigated whether the cortical E-APC co-localizes with tubulin. However, this was not the case, implying that the putative tubulin-binding property of human APC is not well conserved. q
Results and discussion
Adenomatous polyposis coli (APC) is an important tumour suppressor with a critical function in preventing colon cancer (Kinzler and Vogelstein, 1996) . This protein binds to, and promotes degradation of b-catenin (Polakis, 1997) , an effector of the Wnt/Wingless signalling pathway (Cadigan and Nusse, 1997) . In Drosophila, an APC homolog has been identi®ed whose expression is mostly in neuronal cells of the embryo and in neuronal precursor cells of the eye imaginal disc (Hayashi et al., 1997; Ahmed et al., 1998) . We have recently isolated a new Drosophila APC homolog by virtue of its binding to Armadillo, the Drosophila homolog of b-catenin (Yu et al., 1999) . We called it E-APC, since an antibody raised against this protein revealed high expression levels of it in epithelial cells.
We examined the expression of E-APC during embryonic and larval development. This protein is expressed at high levels in the syncytial blastoderm embryo (Fig. 1a) where it is concentrated in the cortical actin caps (see below). During cellularization, E-APC delocalizes from these caps and becomes associated with membranes (Yu et al., 1999) . From the cellular blastoderm onwards, we see E-APC antibody staining throughout embryogenesis in all cells we have looked at (Fig. 1b,c) . This includes the inner cell layers such as the mesoderm and the endoderm, but also the ventral nerve cord in which the neuronal APC is expressed (Fig.   1c , arrows) (Hayashi et al., 1997) . The latter staining is not due to a cross-reaction of our antibody with the neuronal APC, since our antiserum does not detect a protein of its size on a Western blot (not shown).
In the larva, most tissues only show low levels of E-APC staining. In the salivary glands, this staining is mostly associated with the nuclear envelopes (not shown). However, in the larval gut, we see fairly strong E-APC staining, particularly in the copper cells which line the lumen in a subsection of the gut (Skaer, 1993) . The most prominent staining in these cells is also associated with nuclear envelopes (Fig.  1d, arrows) .
We observe strong and punctate E-APC staining in the imaginal discs (Fig. 1e,g ). Double-staining of these discs with antibodies against E-APC and Armadillo reveals that E-APC staining is associated with cell membranes which are outlined by Armadillo staining (Fig. 1f) . In eye imaginal discs of the late third larval instar, E-APC is expressed not only posteriorly to the morphogenetic furrow (where the neuronal APC is expressed and functions) (Ahmed et al., 1998) , but also anteriorly to it (Fig. 1g) . Posteriorly to the furrow, if examined in an apical focal plane, Armadillo staining is concentrated in the apical tips of the neuronal photoreceptor precursor cells ( Fig. 1h , arrows; furrow marked by asterisks). Interspersed with these photoreceptor precursors are non-committed cells such as the precursors for non-neuronal cone and pigment cells (Wolff and Ready, 1993) . As far as we can see, E-APC is present in all these cells (Fig. 1h) . Thus, it appears that the neuronal cells in the embryo and the neuronal precursors in the eye disc express both APC proteins, perhaps explaining why homozygous mutants lacking the neuronal APC protein can survive to adulthood with merely a rough eye (Ahmed et al., 1998) .
The most striking subcellular localization of E-APC is seen during the syncytial blastoderm. At this early embryonic stage, E-APC is associated with the cortical actin caps that lie above each nucleus (Fig. 2b,c, arrows) . Staining with phalloidin visualizes the ®lamentous actin in these caps (Warn et al., 1984; Karr and Alberts, 1986; Foe et al., 1993) which also contain membrane-associated antigens such as phosphotyrosine proteins, spectrin and E-cadherin (Raff and Glover, 1989; Pesacreta et al., 1989) (not shown). E-APC staining in the caps is remarkably punctate (Fig. 2b) . It does not correspond precisely with phalloidin staining: the latter is seen at the periphery of the embryonic cortex, whereas the former is associated with the inward-facing cytoplasmic side of the actin meshwork (Fig. 2f, arrows) . We also see some E-APC staining in the cytoplasm and around the nuclear envelopes (Fig. 2e, arrowhead) .
Cortical actin caps lie above the dividing mitotic spindles (Karr and Alberts, 1986) , and their formation and positioning is thought to depend on the centrosomes and microtubules that lie underneath them (Warn et al., 1987; Raff and Glover, 1989) . Human APC has been reported to bind to tubulin in vitro and, after overexpression, also in vivo (Munemitsu et al., 1994; Smith et al., 1994) . Furthermore, APC is clustered in microtubule-dependent membrane extensions of epithelial tissue culture cells, near plus ends of microtubules (Na Èthke et al., 1996) . These observations lead to the proposal that APC may have a role in organising microtubules Pollack et al., 1997) . We wondered whether the clustering of E-APC in the cortical caps re¯ected an association with microtubules.
We thus co-stained blastoderm embryos with antibodies against E-APC and tubulin. We used methanol ®xation for optimal preservation of microtubules, though the actin caps and their associated proteins are more dispersed under these ®xation conditions (Fig. 2h,k) . Nevertheless, E-APC remains concentrated in the cortex of the blastoderm embryo (Fig. 2k) . However, there is no precise correspondence of E-APC and tubulin antibody staining; indeed, the two stains seem to be mutually exclusive (Fig. 2i,l) . The cortical E-APC puncta do not appear to be localized at the plus ends of individual tubules either, since most of the plus ends of individual tubules are thought to be directed away from the cortex and towards the inside of the embryo (Foe et al., 1993) . Finally, there is no signi®cant co-localization of E-APC with microtubules in epithelial cells of older embryos (Fig. 2m±o) . Fig. 2 . Subcellular localization of E-APC, ®lamentous actin and tubulin in the early embryo. Syncytial blastoderm (a±l) or , 5-h-old embryos (m±o), costained with antibody against E-APC (green) and either Texas Red-labelled phalloidin or antibody against tubulin (red) as indicated in the panels. E-APC is localized in the cortical actin caps (arrows in (c); on view), though it does not co-localize precisely with ®lamentous actin (arrows in (f); side view). Arrowhead in (e) points to nuclear envelope. Cortical caps appear more dispersed under the ®xation conditions used for a-tubulin antibody staining (g±l; see text). Mitotic spindles are indicated by arrows (g,j). There is no apparent co-localization of tubulin and E-APC in the cortical caps (i,l) nor in epithelial cells of older embryos (o).
The lack of apparent co-localization of E-APC and microtubules (or their plus ends) suggests that E-APC does not bind to microtubules directly. This is consistent with the absence of a sequence similarity between E-APC and human APC in the putative tubulin-binding domain (Yu et al., 1999) . However, it is possible that the concentration of E-APC in cortical caps is indirectly due to microtubules, for example, due to microtubulemediated transport (note also that the integrity of the actin caps itself seems to depend on an intact microtubule cytoskeleton) (Warn et al., 1987) . Indeed, the localization of human APC near microtubule plus ends (Na Èthke et al., 1996) could depend indirectly on microtubule function. Whatever the case, the putative function of human APC in binding to microtubules does not seem to be conserved across species. It might be noteworthy in this context that the majority of APC mutations found in tumours map to a highly conserved region of APC (the mutational cluster region) which binds to b-catenin and promotes its degradation, but none of these mutations map to the tubulin-binding domain (Polakis, 1997) .
In summary, E-APC is expressed in all cells, as far as we can tell, in which Wingless is known to signal (Cadigan and Nusse, 1997). Furthermore, E-APC binds Armadillo and shows high sequence similarity to the domain in human APC which promotes degradation of b-catenin (Yu et al., 1999) . Thus, E-APC is a candidate for a protein impinging on the Wingless signal transduction pathway.
Materials and methods
The isolation of E-APC cDNA clones and their sequence, as well as the preparation and characterization of antisera against E-APC protein will be reported (Yu et al., 1999 ; GenBank accession no. AF113913). 0±16 h old embryos were collected, ®xed with formaldehyde and stained as described (Yu et al., 1996) . Embryos ®xed with methanol for optimal preservation of microtubules (Kellogg et al., 1988) , kindly provided by J. Raff, were used for stainings with a-tubulin antibody. Carcasses of late third instar larvae were ®xed for 30 min in 4% formaldehyde, rinsed in PBS and stained as above. Imaginal discs and other larval tissues were dissected after staining.
The following primary antibodies were used: rabbit a-E-APC (see above); mouse a-Armadillo (1:100; Developmental Studies Hybridoma Bank); rat a-tubulin (1:100; Kilmartin et al., 1982) . Filamentous actin was visualized using Texas-Red-labelled phalloidin (Molecular Probes). Alexa 488 and Alexa 594 (Molecular Probes) were used as secondary antibodies (1:200). Embryos and larval tissues were mounted in Fluoromount G (Southern Biotechnology), and images were collected on a Biorad MRC 1024 confocal microscope.
